Background: Based on ethnographic investigations and mathematical models, older sexual partners are often considered a major risk factor for HIV for young women in sub-Saharan Africa. Numerous public health campaigns have been conducted to discourage young women from relationships with older men. However, longitudinal evidence relating sex partner age disparity to HIV acquisition in women is limited.
INTRODUCTION
In recent years, there has been much concern in subSaharan Africa regarding age-disparate relationships. Most current National Strategic HIV Plans in countries with generalized epidemics name age-disparate relationships as a driver of the HIV epidemic ( Table 1 ). The World Health Organization considers sexual partnerships between young women and substantially older men as an important contributor to young women's risk of HIV infection. 2 This concern is based on the observation of three types of ecological associations. First, the distribution of HIV incidence and prevalence in predominantly sexually transmitted epidemics is consistently shifted toward higher rates at younger ages for women compared with men. One explanation for this pattern is that HIV is commonly transmitted from an older man to a younger female partner. Second, subSaharan Africa has the largest relationship age disparities 3 and the highest HIV prevalence 1 in the world. Third, population-level variation in age disparity and HIV prevalence also appears to positively covary within regions of sub-Saharan Africa. 4 As a result, numerous public health campaigns have been implemented, aiming to discourage young women from engaging in sexual relationships with substantially older partners or "sugar daddies." 5 The nongovernmental organization Population Services International has run health messaging programs targeting age-disparate relationships in at least 8 sub-Saharan countries. 6 In 2012, the KwaZulu-Natal (KZN) provincial Department of Health in South Africa began Despite these considerable investments, quantitative evidence for a causal relationship between age disparities and HIV remains very limited. Cross-sectional analyses in Rakai, Uganda (1994-1998), Manicaland, Zimbabwe (1998 , and nationwide in South Africa (2003) and Kenya (2007) found positive associations between having an older partner and prevalent HIV infection. [8] [9] [10] [11] Cross-sectional studies cannot, however, rule out many alternative explanations for an association between age disparity and HIV infection, because measurement of the exposure does not precede the outcome. For example, women could preferentially seek out relationships with older men after they have become HIV-infected-for instance, because older men are better able to support them economically 5, 12 -and HIVinfected women who have older partners may live longer because they are economically better off and thus have better access to antiretroviral treatment (ART).
While the evidence to date is limited, there are plausible reasons why age-disparate relationships could be a driver of the HIV epidemic in sub-Saharan Africa. 5 First, HIV incidence rates rise rapidly from youth through middle age among men in sub-Saharan Africa. 1 As a result, young women in age-disparate relationships are, ceteris paribus, at higher risk of HIV exposure than if they were in a relationship with someone their own age.
Second, sexual behaviors may vary with the level of age disparity in sexual relationships; specifically, fewer preventative measures may be taken by age-disparate couples. This risky behavior may arise because the man perceives younger women to be less likely to be HIV-infected or because the economic and social power differentials arising from the age disparity may make it difficult for women to negotiate safe sex with their older partners. 13, 14 For example, there is some evidence that men are less likely to use condoms in sexual relationships with younger women. 15, 16 The subset of age-disparate relationships involving "sugar daddies"-which are typically defined as economic asymmetric and non-marital-are expected to exhibit particularly risky behaviors. 5, 12 Additionally, theoretical mathematical models have investigated the potential impact of age mixing in relationships on population HIV dynamics and on individual infection risk. [17] [18] [19] [20] Predictions from such models have varied in their estimation of the extent to which age disparities are required for the transmission of the epidemic through the generations. Early studies suggested that the impact of age mixing on epidemics would be considerable; 20, 21 however, recent analysis has suggested that age-disparate relationships may have only limited effects on community HIV prevalence, and that HIV can reach high endemic levels without a high proportion of agedisparate partnerships. 22 Given the limited quantitative evidence and the mixed predictions from modeling studies, an empirical longitudinal analysis would represent a significant improvement on existing evidence. We therefore test the hypothesis that age-disparate relationships increase the risk of HIV infection among young women, using one of Africa's largest population-based HIV incidence cohorts. The cohort is located in a rural community in KZN where HIV incidence in young women is extremely high, 23 and male HIV prevalence rises from 8% among 20-to 24-year-olds to a peak of more than 40% between the ages of 30 and 34 years. 24, 25 
METHODS
We conducted survival analyses using data from the population-based longitudinal surveillance conducted by the Africa Centre for Health and Population Studies (hereafter Africa Centre) in a predominantly rural community in the uMkhanyakude. district of KZN. The district is one of the most deprived in the country and is characterized by high levels of circular migration and HIV infection. 26 The Africa Centre has been collecting household demographic data since 2000. 26 In addition, since 2003, all adults in the community have been invited each year to participate in confidential HIV testing, and to answer questions relating to their sexual history and behaviors over the past 12 months. These questions are asked face-to-face by fieldworkers recruited from the local community. 23 HIV test results are linked to other information in the database.
Data were available from January 2003 to June 2012. Inclusion criteria for our analysis were that respondents (1) were women; (2) were aged between 15 and 30 years in the study period; (3) were HIV seronegative at first participation in the HIV surveillance; (4) had at least 1 more valid HIV test result recorded; and (5) had participated at least once in the annual General Health surveillance that elicits information on sexual behavior and sexual partners' ages. Individuals entered the cohort at the date of the first interview at which they reported a sexual partnership. If they did not contract HIV over the study observation period, they were right censored at either their 30th birthday or on the date of their most recent interview at which they tested HIV seronegative. We further excluded any person-time during which a respondent indicated not having had sex (eg, the respondent reported no sexual partners in the past year), under the assumption that such a respondent was not at risk of sexually contracting HIV in that period.
The primary outcome was HIV seroconversion; we assumed the date of HIV seroconversion to be midway between the date of an individual's last negative and first positive HIV test. (Results were robust to selecting a random date between the 2 tests). The exposure of interest was the age disparity of each woman's most recent sexual partnership. This exposure was time-varying and updated each time an HIV-uninfected woman reported a new relationship.
We considered multiple functional forms of age disparity. Our primary approach was to use age disparity as a continuous variable; this choice reflected a theoretical orientation toward a continuum of risk, the empirical finding that there was no sharp change in risk at any cutoff, and the statistical advantage of greater flexibility than dichotomous measures. However, we additionally considered step functions to capture age disparities that are more than 5 or more than 10 years, corresponding to common definitions of age-disparate relationships, 5, 8, 12, 16 or more than 20 years as an extreme case. We considered the following as potential sociodemographic time-varying confounders: current completed education (none or primary, 0-7 years; secondary, 8-12 years; tertiary, .12 years); household wealth (quintiles of the first component identified by principal components analysis of 28 household assets, toilet type, and sources of water, electricity, and energy-defined for all households in the study area); and marital status (never married, engaged, married, previously married). We considered as potential behavioral confounders both age at sexual debut and 3 time-varying measures of sexual behavior in the past 12 months: number of partners (1 vs. .1); any casual partner (yes vs. no); and lowest level of condom use with any partner (never, sometimes, always). See Table 2 for summary statistics on these variables.
We used Cox proportional hazards models, verifying the proportional hazards assumption using the Schoenfeld residuals from each regression. All models included the woman's age (centered at age 15) and their most recent relationship's age disparity. In the main analyses we included linear, quadratic, and cubic terms in age, but only a linear term in age disparity, because tests of functional form showed that this combination generated the best model fit based on Akaike Information Criteria (see Table, Supplemental Digital Content 1, http://links.lww.com/QAI/A525). Our models also included indicator variables for the year of observation, which control for unmeasured confounders that change over time (Table 3 , model 1). Notably, these time period controls account for the potentially important confounding by differential availability of HIV prevention and treatment services over time.
We then considered whether any effect of age disparity varied by women's age in 3 categories (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) , and 25-29 years old) using indicator variables for disparate relationships in each age group (Table 3, model  2) . Finally, we added sociodemographic and sexual behavior covariates to the model (Table 3 , models 3 and 4). We reran our analyses after multiple imputation of missing variables in the data set (see Table, Supplemental Digital Content 2, http://links.lww.com/QAI/A525).
Ethical approval for the Africa Centre surveillance was granted by the Biomedical Research Ethics Committee, University of KwaZulu-Natal. Informed consent is required separately for the main and sexual behavior questionnaires, and for confidential HIV serotesting. This analysis was exempted from additional ethical review by the Harvard School of Public Health Institutional Review Board because of its use of secondary data anonymized to the study authors.
RESULTS
Between January 2003 and June 2012, 2444 women, contributing 5913 years of person-time, met the inclusion criteria and had full covariate information. Each woman was tested for HIV between 2 and 8 times (41.6% twice, 25.1% 3 times; 16.0% 4 times; 12.6% 5-8 times). The median gap between tests was 365 days (interquartile range, 343-421 days).
Baseline characteristics of the respondents are provided in Table 2 , divided into 5-year age cohorts. Most of the young women had never been married, although 22% were engaged by age 25-29 years.
The typical sexual partnership involved a man who was 3 years older than the woman, with a range from 10 years younger to 47 years older. Overall, 922 respondents (37.7%) reported a partner 5 or more years older than themselves at some point in the study period, and 222 (9.1%) reported a partner 10 or more years older. (Fig. 1) , suggests no obvious correlation.
In survival analysis, we found no significant relationship between age disparity and HIV acquisition, a result that remained robust when we varied the model specification and when we accounted for missing data using multiple imputation. In a model containing only respondent's age and relational age disparity (model 1; Table 3 ), there was no significant relationship between age-disparity and HIV acquisition [hazard ratio (HR) for a 1-year increase in partner's age, 1.00; 95% CI: 0.97 to 1.03]. The effect of age disparity did not vary significantly by the age of the respondent (model 2). When we added socioeconomic covariates (model 3) and behavioral covariates (model 4) the results remained essentially the same. Analyses The results were also robust to multiple imputation of missing values (see Table, Supplemental Digital Content 4, http://links.lww.com/QAI/A525). Interactions of age disparity with woman's age did not change our findings (see Table, Supplemental Digital Content 5, http://links.lww.com/QAI/A525). No significant effect modification of the relationship between age disparities and HIV infection was seen for marital status or educational attainment (see Table, Supplemental Digital Content 6, http://links.lww.com/QAI/A525). For wealth, those in the middle quintile were at greater risk when in an age-disparate relationship; however this finding was only significant when we used a binary measure of age disparity with a cut point of $5 years (see Table, Supplemental Digital Content 6, http://links.lww.com/QAI/A525).
DISCUSSION
We tested whether age disparities affect HIV incidence in young women using data from one of Africa's largest population-based HIV incidence cohorts. In this high HIV prevalence and incidence context, we found no evidence that having an older male partner increases the risk of infection in young women. Our result is not due to low statistical power, as indicated by the very tight confidence intervals around the age disparity point estimates. Age-disparate relationships are common in this community-over the study period, more than onethird of young women had a partner 5 or more years older than themselves (which is comparable to the South African national figure of 32.6%) 10 -and almost 1 in 10 had a partner at least 10 years older (which is similar to the 16.3% seen in rural Uganda). 8 Our results are robust to the functional form of age disparity and to the inclusion of several potentially confounding covariates.
There are several plausible explanations for the absence of significant associations between age-disparate relationships and HIV acquisition risk in this community. First, young women in age-disparate relationships may be more careful in selecting their partners than young women in relationships with men of similar ages. There is evidence that while men have control over partnership sexual practices, including condom use, women have control over partnership formation and dissolution. 16, 27 Female control over partnership formation has been demonstrated by the effectiveness of interventions aimed at changing young women's choice of partners using information or financial incentives. 28, 29 Careful partner selection could explain our findings if young women select lower risk partners as relationship age disparity increases: if young women are aware that older partners are likely to be more risky in general, they may use knowledge drawn from their social networks to identify lower risk partners from among the pool of older men available to them. Such a strategy is most likely to succeed where dense social networks allow successful identification of risky partners, such as in the cohesive rural community studied here. 30 Second, age disparities are likely to be more weakly linked to economic disparities in this setting than elsewhere, reducing or eliminating the infection risk that has been hypothesized to exist within age-disparate relationships because of steep differentials in sexual negotiation power. 12, 27 Socioeconomic differentials in this poor rural community are far less pronounced than in many other settings, in particular urban areas, limiting the potential for resource transfers from older men to younger women. In fact, most men living in this community were unemployed over the observation period. 31 Third, although older men are more likely to be HIVinfected than younger men, there are two reasons why there may not be a difference in infectiousness between the age groups. First, younger men are more likely to be recently infected, and therefore more likely to be in the highly infectious period immediately following infection. Second, younger HIV-infected men are less likely to be on ART than older HIV-infected men, and thus less likely to be virally suppressed. Earlier studies which took place in the pre-ART era would not have seen this offsetting effect of treatment, perhaps explaining the discrepant results between our work and previous cross-sectional studies. However, when we stratified our analyses by year of observation time (Table  4) , we found no change in the association between age disparity and HIV over time, suggesting that ART provision alone does not explain our null finding.
Much of the debate regarding age-disparate relationships and HIV has focused on the subset of such relationships that is also extramarital and feature economic disparities and transfers of cash or in-kind gifts from the man to the woman, that is, "sugar daddy" relationships.
7,12,16,32,33 Because we do not have information on the male partner's economic situation, or on whether relationships involved the transfer of FIGURE 1. Age disparity between female respondent and most recent male sexual partner at baseline (in our analysis this age disparity is updated as respondents report new partners).
money or in-kind gifts, we could not directly investigate whether economically asymmetrical, age-disparate relationships specifically are a risk factor for HIV. "Sugar daddy" relationships are sometimes conceived as fulfilling basic needs, such as providing funds for food, shelter, or school uniforms. In this case, we might expect the effects of age disparities to be greatest for those women who are least educated and poorest, and thus in greatest need of material support and least able to refuse older men's advances. However, "sugar daddies" have also been described among women of high socioeconomic status, who gain social standing or luxury goods from their relationships. 12, 34, 35 Our findings of no effect modification by educational attainment of or household wealth suggests that socioeconomic inequalities are unlikely to play a substantial role in causing HIV acquisition in agedisparate relationships in this community.
One concern with our findings might be how the sexspecific HIV prevalence age pattern, peaking for women several years before men, could be generated other than through age-disparate relationships. While our study cannot answer this empirical question, we note that while relationships with large age disparities are sufficient to create this age pattern, they are not necessary. As recently shown in a theoretical modeling study, 22 it is also possible to maintain an HIV epidemic of this type through multiple relationships with relatively small age disparities, or through a core population of high-risk young men having multiple peer-aged relationships.
This study has several strengths, notably the longitudinal nature of the data, collected over almost a decade, and the rich set of covariates, which allow us to rule out many confounding and reverse causation relationships. One benefit of this longitudinal data is that we can capture the exposure of partner age disparity in a time-varying manner, updating each woman's age-disparity information as her sexual relationships change. We also allowed for time-varying sociodemographic variables- marital status, educational attainment, and household wealth-to confound or effect modify any age-disparity effect. Finally we accounted for unmeasured, time-varying confounders through the inclusion of year of observation indicator variables, ensuring that the results shown could not have been driven by the differential availability of HIV treatment and prevention interventions over time. Furthermore, the data constitute one of the largest HIV incidence cohorts in young women in Africa, providing very high power to detect significant effects. We also note some limitations. As with any long-term community-based study, the cohort suffered from attrition and nonresponse. However, nonresponse was limited and our results did not change after accounting for data missingness through multiple imputation. Additionally, age disparity information may be misreported. Evidence from Malawi suggests that women may underestimate their partner's age in relationships with large age disparities, which could bias the results. 36 However, since in South Africa dates of birth are shown in the national identity card, which the vast majority of people in this community owns, knowledge of partners' age is likely to be better than elsewhere in Africa.
Caution is needed in generalizing our findings. Agedisparate relationships are expected to place young women at particularly high risk when they need economic support for survival. 5, 12 However, while age-disparate relationships are common in our setting, those displaying economic asymmetries are likely to be less common for two reasons. First, basic survival needs may be greater in other settings: while this setting is one of the poorest in South Africa, it is considerably wealthier than many high HIV-prevalence regions of Africa. Second, since the community is relatively economically homogeneous, the absolute economic differences between partners are not large. The dense social networks in this area may also allow women to differentiate higher and lower risk older men more easily than in more urban or less settled areas, reducing the risk from age-disparate relationships.
In our discussion we have focused primarily on relationships between older men and younger women, since age-disparate partnerships in the community are overwhelmingly of this type. Only 1.8% of relationships were between older women and younger men. Nevertheless, by using a continuous measure of the difference between male and female age as our primary exposure, we also include relationships in which the woman is older than the man, assuming that these relationships are increasingly less risky. This reflects the reality that over the age range we examine, male HIV prevalence is uniformly increasing with age-and thus younger men might be expected to be less risky.
However, an alternative hypothesis might be that any age disparity (either the man or the woman is older) will increase risk if risky behaviors arise in any unequal relationship and any age-disparate relationship contains power differentials. This might be particularly pertinent in settings where older women commonly partner with younger men. To test this hypothesis, we conducted a sensitivity analysis replacing "age-of-male minus age-of-female" with the absolute difference in ages of the partners. The primary relationship remained null in this analysis.
That age-disparate sexual relationships are a primary driver of HIV incidence for young women in sub-Saharan Africa has often been taken as fact, despite limited evidence. Our analysis strongly suggests that in this rural South African community, sexual relationship age disparities do not predict HIV risk for young women. Further research is needed to determine whether this result varies by geographic and social context. Campaigns warning women about the risks of sexual partnerships with older men may well provide social benefits, for instance, if they reduce unwanted pregnancies or school dropout. However, based on our study, such campaigns do not seem to be justified for HIV incidence reduction in settings similar to ours. The first round of observation (2003-05) and last round of observation (January 2011 to June 2012) were grouped together in this sensitivity analysis because observation time-at-risk and observed seroconversions. The hazard ratios are for timeat-risk and seroconversions falling into the calendar time in the first column of this table. The regression model also contains age of respondent (linear, quadratic, and cubic terms centered at 15 years) and all sociodemographic and behavioral covariates from the main analysis.
